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® Simulated moving bed. sieparation system. 

* ® An improved simulated movi rig ^ sepkratic)ri 
system is discldsed.'^Th'e impro^^^ novel s^sfem is 

• characterized by being providecl witli rotary valves or 
check valves or both. Tine rotary valves are^provlded 

•■ at' the position where vdesorbing liquid is introduced 
(3), the position whei-e the extract 1s taken but (4), 
'the position where the feedstock is introduced. (5) 

. and the position where the raff Inate: is taken ^ out (6) 
and the rotary valves are internfiittently iswitched on 
and off, whereby, the liquid taken- fout of \the unit 
. packed bed preceding the position where the idesor- 
k)ing liquid is introduced is. suppliedito the circulation 
pump (8). The check valves are provided in the 
fluid flow passage between a^unit^packedrbed and 
an extract draw-out port positioned - in the next unit 
packed bed in the -direction in the next y nit packed- 
bed in the direction of fluid flow. Thus liquid, flow is 
smoothly controlled and the more effective separa- 

' tioh is realized. 
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FIELD OF THE INVENTION 

. The present invention relates to a simulated 
nnoving bed separation system having check 
valves, a simulated moving bed separation system 5 
having rotary valves, and sirnulated moving bed , , 
separation system having both check valves and 
rotary valve. 

BACKGROUND OF THE INVENTION io 

Methods using a simulated moving bed separa- 
tion system have been proposed for separating a 
desired component from a multicomponent mixture 
(see, for example, JP-B-42-1 5681). is 

In the simulated moving bed separation system 
prposed in the above-mentioned patent, there are 
provided four work zones pricked with a solid ad- 
sorbent and connected to each other in a line, with 
the outlet of the fourth work zone being connected 20 
to the inlet of the first work zone so that a fluid can 
circulate through these four work zones. Also, a 
port for feeding a multi-component feedstock mix- 
ture to be treated into said work zones, a port for 
drawing out a weakly adsorbable component 26 
(raffinate) from said work zones, a port for sup- 
plying a desorbing liquid into the work zones and a 
port for drawing out the desorbing liquids and a 
strongly adsorbable component (extract from the 
work zones are provided so that the positions of 30 
the ports will advance simultaneousily at given time 
intervals.) 

The solid adsorbent packed in said work zones 
is a fine powder with a. particle size of usually 15 . 
mm or. greater (see page 11, right column, lines 6- 35 
1 0 of JP-B-42-1 5681 ). Solid adsorbents with such a 
large particle size enable high-rate introduction of 
feedstock mixture and desorbing liquids. However, 
in order to accomplish separation at an even higher 
efficiency and higher rate by using the above simu- 40 
lated moving bed separation system, it Is neces- 
sary to make smaller the particle size of the solid 
adsorbent. This, however, .involves the difficult 
problems. When a solid adsorbent with a smaller 
particle size than those used hitherto is packed in 45 
the work zones and a feedstock mixture and a 
desorbing liquids are Introduced into these work 
zones at high speed as in the prior art, there tends 
to occur a pressure loss in . the work zones and 
back flow of the circulating fluid takes place in the so 
work zones. Back flow of the circulating fluid 
causes a serious reduction of separating efficiency. 
• Thus, when it is tried to improve the separating 
efficiency by reducing the particle size of the solid 
adsorbent, it is necessitated to drop the feed rate 55 
of the feedstock fluid into the work zones, and such 
drop of the feed rate decreases . the separating 
efficiency to an intolerable level for industrial prac- 



tice. 

Also, in case the packing used in the simulated 
moving bed is already small in particle size, when 
the feedstock fluid charging rate Is Increased for 
further improving the separating efficiency, there 
takes, place back flow of the circulatirig fluid as 
mentioned above to lower the separating efficiency. 

Actually, many attempts have been made in 
recent years for separating optical isomers by us- 
ing a simulated moving bed system of the de- 
scribed type. In these operations, and optical re- 
solving agent with a very small particle size, which 
is in the order of one to several ten microns, is 
packed in the beds, and a feedstock mixture and a 
desorbing liquids are Introduced at high rates in 
between the adjoining unit packed beds. In this 
case, the. pressure loss by the packing is very 
great and the pressure at the outlet of a unit 
packejd bed would become lower than the pressure 
of the desorbing liquid or feedstock fluid, causing 
such desorbing liquid or feedstock fluid to flow in 
the direction opposite to the flow, of the circulating 
fluid. 

The conventional simulated moving bed sepa- 
ration system, when described in other terms, com- 
prises a plurality of unit packed beds connected in 
series to each other, in which a solution containing 
a feedstock mixture and a desorbing liquid are 
introduced into the packed bed containing an op- 
tical resolution packing therein and having front and 
rear ends thereof connected to each other end- 
lessly via a fluid passage to circulate a fluid un- 
rdirectionally while at the same time drawing out a 
solution containing a separated component and a 
solution containing another component from the 
packed bed, wherein a port for introducing a . desor- 
bing liquids, a port for drawing out a solution con- 
taining a strongly adsorbable substance (extract), a 
port for introducing a solution containing a feed- 
stock mixture, and a port for drawings out a solu- 
tion containing a - weakly adsorbable substance 
(raffinate) are arranged in the packed bed in this 
order along the direction of fluid flow and the 
positions of these ports are successively moved In 
the direction of fluid flow in the packed bed Inter- 
mittently. 

Also, In the conventional simulated moving bed 
separation system, in order to successively move 
said introducing a draw-out ports intermittently, 
there are provided four rotary valves, one for in- 
troducing a solution containing a feedstock mixture, 
one for introducing a desorbing liquids, one for 
drawing out an extract and one for drawing out a 
raffinate. Further, a circulation pump is disposed 
between a specific unit packed bed and another 
unit packed, bed positioned downstream of said 
specific unit packed bed for circulating a fluid. when 
moving said introducing and draw-out ports suc- 
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cessively by switching said four rotary valves. 

In operation of the simulated moving bed sepa- . 
.ration. system, when the positions of said desorbing 
liquids, introducing. port, feedstock fluid introducing 
^port, extract draw-out port .and rafiRnate draw-put 
port are,, shifted by change>:oyer operations of said 
rotary valves through a distance ^corresponding to 
prie unit packed bed, the works to be performed in 
the respective- unit .packed (beds, namely adsorp- 
tion, concentration, desorbing and recovering of .the 
desorbing liquids, are, switched correspondingly, in 
each of said working steps, there is a setting flow 
rate which has been determined for acconriplishihg 
the desired separation! 

Therefore, as the, works to be performed in the 
respective unit packed beds are shifted i by the 
rotary valve change-over operation, the flow rate of 
the circulation pump must be changed in accor- 
dance with the work to.be performed. , , 

It is essentia! tliat there is no .difference be- 
tween the circulation flow rate in the line preceding 
the circulation pump and the flow rate in the line 
succeeding said pump and between the feed rate . 
into, the circulation pump and the discharge rate 
from said pump.riTherefor©, the. flow rate of the 
circulation pump must be adjusted stepwise syn- 
chronously. : with * all of the other rotary valves upon 
every change-over operation. of a rotary valve. 

, Thus,, when the circulation jaump was. set be- 
.tvyeen a specific unit packed bed; and .the adjoining 
unit packed; bed. on ,the dovy^nstream side,, it was 
necessary to perform the troublesome operation of 
stepwise increasing or decreasing the fluid flow 
rate In the circulation. pump upon ^very shifting of 
said introducing and dcaw-out. ports in the direction 
of fluid flow. . 

The present invention has been mad© In view 
. of the above circumstances. 

Accordingly, the first object of the present in- 
vention is to provide a high-efficiency simulated 
moving bed separation system which Is cajDable of 
separating a desired' component .from a feedstock 
mixture at high speed and high efficiency even 
when a feedstock fluid .and a desorbing liquid are 
introduced at a high rate Into an Inlet port provided 
between a unit packed bed and the succeeding 
unit, packed bed, each bed filed with a packing 
"having a very small particle size. 

The second object of the present -invention is 
to provide a rotary valve-incorporated simulated 
moving bed separation system which has excellent 
operating performance and is suited for separating 
the Individual corhponents from a mixture of similar . 
compounds and which can unnecessitate the con- 
ventional troublesonrie operation of stepwise adjust- : 
Ing the flow rate of the circulation pump upon 
every positional shifting of the Introducing and 
draw-out ports. 



SUMMARY OF THE INVENTION 

The simulated moving bed separation system 
of this invention for attaining, said first object com- 
,6 .prises: , • . 

a . packed bed assembly, a first rotary valve, a 
. ' »^ , .second: .rotary valve, a:third rotary valve, ^a fourth 
rotary valve, a circulation pump, and a fifth rotary 
> . valve; - . . > 

10 . : said packed bed assembly comprising a plural- 
ity of unit packed beds each containing a packing 
. therein, said unit packed , beds being connected in 
series to ^each other via a fluid passage and ar- 
. . ranged to form a circulation -passage for allowing 
15 unidirectional circulation of a fluid through the con- 
. nected unit packed beds; 

said first rotary valve being designed to supply 
a feedstock fluid containlng/a weakly adsorbable 
_ substarice and a strongly adsorbable substance. to 
20 any selected one of the unit pagked . beds; 

said second rotary- valve being designed to 
draw out a solution containing a weakly adsorbabJe 
substance, i.e. raffinate, from a unit packed bed 
t positioned downstream of the unit packed iDed to 
25 which the feedstock fluid, has been supplied; 

said, third rotary valve being designed to draw 
out a fluid from a -unit picked bed positioned down- 
stream of the unit packed bed from which the 
. . raffinate has, been drawn out; 

30, : said fourth.' rotary valve being designed; to sup- 
ply the i fluid idischarged out from said third rotary 
: valve and a desorbing liquids into the unit packed 
bed adjoining to and downstream of the unit 
^ packed bed from which the fluid has been, drawn 
35 out; . 

said circulation pump being designed, to trans- 
fer the fluid discharged put from said . third rotary 
valve and a desorbing liquids to said fourth rotary 

valve; 

40 siaid fifth rotary value being designed to select 

a unit packed bed downstream of the unit packed 
bed to which the desorbing liquids has been supr 
plied and draw out a solution containing a strongly 
adsorbable substance, i.e. extract, from said se- 

45- lected unit packed bed; 

wherein the desorbing liquid supplying posi- 
tion, the extract draw-out position, the feedstock 
fluid feeding position and the raffinate draw-out 
position ^ and shifted rri -^succesision intermittently 

50 without changing this order by the change-over 
operations of said first to fifth rotary valves. 

' The simulated moving bed separation system 
of this invention for -attaining said second object 
. comprises: 

55 ' a packed bed assembly comprising a plurality 

of. unit packed beds connected in series to each 
other and each containing a packing therein, said 
unit packed beds having front and rear ends there- 
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of connected to each other endlessly via a fluid 
passage to circulate a fluid unidlrectlonally; 

wherein a port for feeding a desorbing liquids, 
a port for drawing out solution containing a strongly 
adsorbable substance (i.e. extract), a port for feed- 
ing a feedstock solution and a port for drawing out 
a solution containing a weakly adsorbable sub- 
stance (i.e. raffinate) are arranged in the packed 
bed in this order along the direction of fluid flow; 

a check valve is provided in the fluid passage 
between a unit packed bed and a desorbing liquids 
introducing port positioned preceding the next unit 
packedT bed in the direction of fluid flow; 

a check valve Is provided in the fluid passage 
between a unit packed bed and an extract draw-out 
port positioned preceding =the next unit packed bed 
in the direction of fluid flow; 

a cheek valve is provided in the fluid, passage 
between a unit packed bed and a feedstock solu- 
tion introducing port positioned preceding the next 
unit packed bed In the direction of fluid flow; 

and a check valve is provided in the fluid, 
passage between a unit packed bed and a raffinate 
•draw-out ports , positioned preceding the next unit 
packed bed in the direction of fluid flow. 

EfRIEF DESCRtPTION OF DRAWINGS 

Fig. 1 Is a schematic diagram showing the 
ooncept of the simulated moving bed sepairation 
system according to the present invention. 

Fig. 2 is a schematic diagram showing an 
embodiment of the simulated moving bed separa- 
tion system of this invention provided with check 
.valves and rotary valves. 

DISCLOSURE OF THE INVENTION . 

The present invention is described rnore par- 
ticularly below. 

A. Simulated moving bed 

, The simulated moving bed according to the 

• present invention, as illustrated in Fig. 1, comprises 
a packed bed assembly consisting of a plural num- 
ber (for example. 12 or 8) of unit packed beds 2a- 
2h arranged in series to each other in a fluid 

. passage 1 through which a fluid is circulated. In the 
fluid passage, a fluid is circulated in one direction. 

• The number of the unit packed beds used in the 
system js not defined; it may be properly selected 
In consideration, of the scale of practice, adsorption 
technique and other matters. 

In this packed bed system, as shown in Rg. 1. 
a port 3 for introducing a desorbing liquids, a port 
4 for drawing out a solution containing a substance 
strongly adsorbable on the packing, i.e. an extract. 



a port 5 for introducing a feedstock fluid and a port 
6 for drawing out a solution containing a substance 
weakly adsorbable on the packing, -i.e. a raffinate, 
..are arranged in this order and designed so that the 
5' positions of these ports, can be successively 
changed in the direction of fluid flow in the packed 
bed Intermittently. 

Also, in the present invention, in the fluid pas- 
sage 1 connecting the respective unit packed beds 
10 2a^2h with the adjoining ones, a check valve 7 is 
provided between each of the desorbing liquids 
introducing port 3 and feedstock fluid introducing 
port 5 and the unit packed bed positioned up- 
stream thereof. 
75 In the simulated moving bed separation system 

shown in Fig. 1, the desorbing liquid introducing 
port 3 is connected to a section of the fluid pas- 
sage 1 communicating the 8th unit packed bed 2h 
and the first unit packed bed 2a, the extract draw- 
20 out port 4 is connected to a section of the fluid 
passage 1 communicating the first unit packed bed 
. 2a and the second unit packed bed 2b, the feed- 
stock fluid introducing port 5 is connected to a 
section of the fluid passage 1 communicating the 
25 third unit packed bed 2c and the fourth unit packed 
bed 2d, and the raffinate draw-out port 6 is con- 
nected to a section of the fluid passage i commu- 
nicating the seventh unit packed bed 2g and the 
eighth unit packed bed 2h. For successively mov- 
30 ing these introducing and draw-out ports along the 
direction of fluid flow intermittently, there are used, 
for example, rotary valves. Also, a recycle pump 8 
or like means Is empjoyed for circulating a fluid 
through the fluid passage 1 in this simulated mov- 
35 . ing bed separation system! 

Type, etc., of the packing 

In each of the unit packed beds is contained a 

40 packing which is capable of adsorbing a substance 
. to be separated. 

For instance, in case of separating an optical 
isomer mixture,, there can be employed the optical 
resolution packings using the optically active high- 

45 molecular weight compounds or low-molecular 
weight compounds having optical resolving poWer. 
Said optically active high-mqiecular weight com- 
pounds include esters and carbamates of cellulose 
or amy lose, polysaccharide derivatives such as 

50 carbamates and esters, polyacrylate derivatives 
and polyamide derivatives. For use as packing, 
. these compounds are .carried on silica gel or pow- 
dered and otherwise worked into a particulate prep- 
aration without using silica gel. The low-molecular 

55 weight compounds having optical resolving power 
include crown ethers and their derivatives, 
cyclodextrin and: its derivatives, and the like. These 
low-molecular weight compounds are usually sup- 
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ported on a ciarrler such as silica gel for use as 
packing: 

The ■following are the preferred exanf>ples of the 
: corrmnerciaUy available optical resolution packings: . 
CHIRALCEL OB (trade name), CHIRALCEL OD 
^ - (trade name), CROWNPAK CR ( + ) (trade name), 
* eHIRAliGEU-CA-F^(trade nam^^ GHIRALCEL OA 
(trade name), CHIRALCEL OK (trade - name), 
. CHIRALCEL OJ (trade name); CHIRALCEL OC 
(trade name),' CHIRALCEL - OF (trade name), 
CHIRALCEL OG (trade name), CHIRALPAK WH 
:^ ' (trade name), GHIRALPAK WM (TRADE NAME). 
CHIRALPAK WE (trade name), CHIRALPAX OT 
( + ) (trade name), CHIRALPAK OP ( + ) (trade 
name), CHIRALPAK AS (trade name) and CHIRAL- 
PAK AD (trade name), all produced by Daicel 
Chemical Industries, Ltd. ' 

As examples of the packings suited for resolv- 
ing an Isomerized saccharide solution containing 
oligosaccharide, there can be cation exchange res- 
ins for alkaline earth metal (calcium, barium, stron- 
tium, etc.) salt type strong acids and crystalline 
aluminosilicates such as zeolite Y in which ex- 
changeable cations are - substltutied with ammoni- 
um, sodium, potassium, calcium, strontium, barium 
saccharide or the like. 

As examples of the packings suited for sepa- 
rating fatty acids and triglycerides, there can be 
mentioned anion exchange resins having > sty rene- 
- divinylbenzene copolymer as iskeleton. Examples 
of the-commercially available packing of this type 
include. Amberlite IRA 93 produced "by Rohm & 
Haas, Ltd., and Duolite A377 produced by 
Sumitomo Chemical industries, Ltd., which are 
weakly anion exchange resins, and Amberiite IRA . 
400 (Rphm & Haas) and Duolite A161 (Sumitorno 
Chem. Ind.) which are strongly anion exchange 
resins. 

It is possible to use various other known types 
of packings which are considered useful for sepa- 
rating various types of material. . 

Particles size of the packing 

The average particle size of the packing is . 
variable depending on the type of the component 
. to be-separated, volumetric flow rate of the solvent 
supplied into the simulated moving bed and other 
matters, but usually it is In the rahge' of 1 to 100 
um, preferably 5 to 75, um. For confining pressure 
loss in a restricted range in the simulated moving 
bed, it is desirable to adjust the average particle 
size of the packing to be 15 to 75 um. N/Vhen the 
average particle size of the packing is within the 
above range, pressure loss in the simulated moving . 
bed can be reduced, for example, to the order of 
10 kgf/cm^ or less. On the other hand, the greater 
the average particle size of the packing, the less 



becomes the adsorption theoretical plate number. 
When the practical attainment of the adsorption 
theoretical plate number alone 1s considered, the 
average particle size of the packing is usually in 
5 the range of 1 to 50 um. ' 

" ^ Desorbing liquid ' *" " -vw : 

The desorbing liquids usable In the system of 
10 the present invention Include organic solvents, for * 
example, alcohols such as rriethanbl, ethanol and 
isopropanol hydrocarbons such as hexane, etc., 
mixed organic solvents consisting of hydrocarbons 
and alcohols, halides, ethers or esters, and aque- 
75 ous solutions containing a salt such as copper 
sulfate solution, perchlorate solution, phosphoric 
acid solution, etc. The desorbing liquid actually 
used is decided according to the type of the com- 
ponent or compound to be separated. 
20 \ .■ ■ 

Component or substance to be separated 

The feedstock fluids that can be treiated in the 
separation system of the present invention are riot . 

.25 subject to any specific restrictibris. They include 
various kinds of comiDounds used in the fields of 
medicine, agricultural chemicals, food, feed, per- . 
fume and the like. To cite some typical examples, 
' theyMnclude thaliddnnide whrch is a'r^^ 

'30 aratlon, EPN which is an brganophosphorus ag- ■ 
ricultuPal chemical, monosodiunn salt of glutamic 
acid which is a chemical, seasoning; and menthol 
which is a perfume. They also include optically 
active alcohols and esters. 

35 Among other feedstock fluids that can be. sepa- 

rated by the siriiulated moving bed .separatiori sys- 
. tern of this invention are a mixture, of norma! hex- 
ane and cyclohexane, mixtures ! of the compounds 
which are close to each other in boiling points, for 

.40' example, a normal compound and its isomers, as 
in the case of hydrocarbons, alcohols, aldehydes 
' . and ketones, aqueous solutions containing dextrose 
or the like and fructose, and mixtures of rhaltose 
and polysaccharides such as maltotripse or sac- 

45 ' charides with higher molecular weight. 

Process in simulated moving bed separation sys- 

tem ' [ [ "" ~' ' 

50 Adsorption and desorption of a substance in a 

feedstock mixture, by the . simulated moving bed 
separation system according to the present inven- . 
tidn are accomplished by cyclic operations of the . 
following basic steps: adsorption, concentration, 
55 desorption and recovery of desorbing liquid, which 
are described below. 
(1) Adsorption 

The feedstock fluid is contacted with the 
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packing so that a strongly adsorbable compo- 
nent is adsorbed on the packing while another 
weakly adsorbable component is recovered as a 
raff inate together with the desorbing liquids. 

(2) Concentration 

The packing having the strongly adsorbable 
. component adsorbed thereon is contacted with 
part of the extract described below so that the 
weakly adsorbable component remaining on the 
packing is expelled and the strongly adsorbable 
component is concentrated. 

(3) Desorption 

The packing containing the concentrated 
strongly adsorbable component is contacted 
with the desorbing liquids so that the strongly, 
adsorbable component is expelled from the 
packing and discharged out from the simulated 
moving bed as an extract together with the 
desorbing liquids. 

(4) Desorbing liquids recovery 

The packing having substantially only the 
desorbing liquids adsorbed thereon is contacted 
with part of the raffinate so that part of the 
desorbing liquids contained in the packing is 
recovered as a desorbing liquids recovery flow. 
The present invention is further described be- 
low with reference to the drawings. 

As shown in Fig. 2. the sinriulated moving bed 
separation system 11 according to an embodiment 
of this invention comprises the first to eighth unit 
packed beds 12a-l2h. These unit packed beds are 
connected to each other by a fluid passage 13a. 
The eighth unit packed bed 12h and the first unit 
packed bed 12a are connected by a fluid passage 
13a. A check valve 14 is provided in the fluid 
passage 13a connecting one unit packed bed to 
the next unit packed bed. This check valve 14 
allows passage of a fluid from one unit packed bed 
to the ne>ct but checks Its backward flow. 

A fluid passage 13c connected to a third rotary 
valve 15 branches from a section of the fluid pas- 
isage 13a . between g unit packed bed and the 
associated check valve 14.. In other words, a fluid 
passage 13c branching frdrri the fluid passage 13a 
communicating the first and second unit packed 
beds 12a and 12b, a fluid passage 13g branching 
frorn the respective „flujd„. passages 13a commu- 
nicating the corresponding unit packed beds are 
connected to the third rotary valve 15. This third 
rotary valve 15 functions to select one fluid pas- 
sage from the total 8 branching fluid passages 13c 
and draw out the fluid from the selected fluid 
passage 13c while leaving the other fluid passages 
13c closed, ... 

A circulation pump 16 is connected to the 
discharge side of said their rotary valve 15. The 
discharge side of said, circulation pump 1 6 is con- 
nected to a fourth rotary valve 17" via. a fluid pas- 



sage 13d. 

A desorbing liquids is supplied along with the 
fluid from said circulation pump 16 to the fourth 
. rotary valve 17. Eight fluid passages 13e extend 
5 from the discharge side of said fourth rotary valve 
17, each of said fluid passages 13e being con- 
nected to a section of the fluid passage 13e be- 
tween the associated check valve. 14 and the next 
unit, packed bed. 
10 . A feedstock solution is supplied to a first rotary 
valve 18 via a punr>p. Eight fluid passages 13f 
connect to the discharge side of said first rotary 
valve 18, each of said fluid passages 13f being 
connected to a section of the corresponding fluid 
75 passage 13a between the associated check valve 
14 and the next unit packed bed. 

Also, a fluid passage 13g connected to a sec- 
ond rotary valve 19 branches from a section of the 
corresponding fluid passage 13a between the asso- 
20 elated check valve 14 and the next unit packed 
bed. Total 8 fluid passages 13g branching from the 
respective fluid passages 13a connect to said sec- 
ond rotary valve 19 which functions to open one of 
said branched fluid passages 13g while keeping 
26 the rest of them closed. A fluid is discharged out 
from this second rotary valve 19 by a pump. 

Further, a fluid passage 13h connecting to a 
fifth rotary valve 20 branches from a section of the 
corresponding fluid passage 1 3a between the asso- 
30 elated check valve 14 and the next unit packed 
bed. Total 8 Fluid passages 13h branching from 
the respective fluid passages 13a are connected to 
said flfth rotary valve 20 which functions to open 
one of said fluid piassages 13h while keeping the 
35 rest of the closed. 

In the simulated moving bed separation system 
11 shown in Fig. .2. the first to fifth rotary valves 15- 
20 are set to function as described below. 
- The fourth rotary valve 17 functions to select 
40 one fluid passage 13e so that the corresponding 
fluid passage 13b communicating the eighth unit 
packed bed 12h with the first unit packed bed 12a 
while the other fluid passages 13a are left closed. 
The fifth rotary valve 20 operates to select a fluid 
45 passage 13h so that only the, fluid passage 13h 
branching from the fluid passage 13a communicat- 
ing, the first .and second , unit packed beds is 
brought into an open state while leaving the other 
fluid passages 13h in a closed, state: In the case of 
50 the first rotary valve 18, one fluid passage 13f is 
selected so that only the. fluid passage 13f con- 
nected to the fluid passage 13a. communicating the 
third and fourth unit packed beds 12c and 12d is 
opened while the 'other fluid passages 13f are left 
55 closed. The second . rotary value 19 functions to 
select one fluid passage 13g so. that only the fluid 
passage 13g branching from the fluid passage 13a 
communicating the seventh and eight unit packed 
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beds 12g and 12h is opened while the other fluid 
passages 13g are kept dosed, and the third rotary 

.. valve 15 functions .to .select one .fluid , passage 13c 
. so that only the fluid passage 13c between, the 

, eighth ;unit packed bed 12h and the associated 
check valve 14 is opened while the other fluid 

h- . passages 13c are: left closed.-^ rJ- , 

Said first to fifth rotary valves 15, 17-20 are 
synchronized in operation by a control device not 
shown in this . drawing. A computer programmed to 
effect synchronous operation of the first to fifth 
rotary valves or a similarly programmed relay sys- 
tem sequencer may be used as the control device. 

Each of said unit packed beds contain a pack- 
ing which is capable of adsorbing the component 
to be separated. 

.. . In the.slmulated moving bed system shown in 
Rg. 2, with the first to fifth rotary valves 15. 17-20 
being operated to produce the above-described 
open and closed states, when a desorbing liquid is 
supplied through the fourth rotary valve 17 into the 
fluid passage 13b conrimunicating the eighth and 
first unit packed, beds 12h and 12a, the associated 
check valve 14 performs its back flow checking 
function and the fluid discharged from the eighth 
unit packed bed 12h is led through the fluid pas- 
sage 13c to the third rotary valve 16 and thence 
said fluid is passed through the circulation purhp 
r„ 16i fourth . rotary valve. 17, -fluid paissage 13e and 
fluid passage 13b and introduced into the first unit 
packed bed 12a. . 

In operation of the simulated moving bed sepa- 
ration system illustrated in Fig. 2, in* the initial 
adsorption step, a feedstock mixture is contacted 
with the {Dacking by the fourth to seventh unit 
packed beds 12d-12g and a strongly adso.rbabie 
component Is adsorbed on the packing while other 
weakly adsorbable component is recovered as a 
raffinate together with the desorbing liquids. Then, 
in the concentration step, thei packing having the 
strongly adsorbable component adsorbed thereon 
by the second and third unit packed beds 1 2b and 
12c is contacted with part of the extract so that the 
weakly adsorbable component remaining on the 
packing is expelled and the strongly adsorbable 
component is concentrated. In the next desorption 
step, . the packing containing the concentrated 
strongly adsorbable component is contacted with 
the desorbing liquids by the first unit packed bed. 
12a so that the strongly, adsorbable component is 
expelled from the packing and discharged out from 
the simulated moving bed as an extract together 
with the' desorbing liquids. In the final desorbing 
liquids recovery step, the packing having substan- 
tially only the desorbing liquids adsorbed thereon 
is contacted with part of the raffinate by the eighth 
unit packed bed 12h so that part of the desorbing 
liquids contained in the packing is recovered as a 



recovery product. 

In this simulated moving bed separation sys- 

tem 11, the desorbing liquids siipplying position, 

the feedstock fluid supplying position and the re- 
6 spective draw-out positioris are shifted through a 
distance corresponding to one unit packed bed in 
' r 'the^*direction • of ^solvent flow by rpanlpulating the 
. first to fifth rotary valves 15-20 at given time inter- 
vals. 

70 Thus, in . the second stage, desorption is per- 

formed by the second unit packed bed 12b, con- 
centration by the third and fourth unit packed beds 
12c and 12d, adsorption by the fifth to eight unit 
packed beds 12e-12h, and desorbing liquids recov- 
15 ery by the first unit packed bed 12a. As these 
operations are performed successively, the posi- 
tions of said works are shifted through a. distance 
corresponding one unit packed bed and the sepa- . 
ration of a mixture of the similar compounds is 
20 accomplished continuously and efficiently. 

Also, in the present simulated moving bed sep- 
. aration system 11, the amount of the fluid drawn 
out from each unit packed bed through the fluid 
passage 13b is fixed, so that there is no need of 
25 adjusting the discharge rate of the circulation pump 
16 connected to the third rotary valve 15 upon 
- . : every changeover of said third rotary valve 15. 

Further, in this simulated moving bed separa- 
tion nystem 11, a check valve is provided between 
30 . each feed stock fluid or desorbing liquids feed line 
. and the fluid outlet of each unit packed bed, so that 
even if a pres sure loss is caused for the fluid by 
the packing con tained in each unit packed bed, 
there is no possibility that the fluid supplied . from 
35 each feed line to a fluid passage should flow back- 
wardly to the upstreani unit packed bed. 

Thus, when usirig the simulated moving bed 
separation system of this invention, even if a pack- 
ing with fairly srhall particle size is contained in 
40 each unit packed bed. there occurs no back flow of . 
the fluid and smooth operation of the system is 
accomplished, . so that improvement of separating 
. efficiency due to use of a fin^ packing and long- 
time continuous operation due to no occurrence of 
45 ' back flow of the circulating fluid are realized. 

Example i 

1-Phenylethyl alcohol was fed as a solution 
50 containing an optical isomer mixture at a rate of 1 
ml/min (total concentration of isomers: 21 nrig/ml)" 
into a simulated moving bed apparatus such as 
shown in Rg. 2 which was comprised of 8 con- 
nected columns, as unit packed beds, each having 
55 an inner diameter of 2 cm and a length of 25 cm 
and containing a packing for separation of an op- 
tical isohner (CHIRALCEL OD) haying a particle 
diameter of 20 um, manufactured by Diacel Chemi- 
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cal Industries, Ltd.). As a desorbing liquids, a 
hexane/isopropanol (90/10 v/v%) mixture was fed at 
a rate of 32.1 ml/mln. The solvent circulated in the 
solvent circulation line was the same as the desor- 
bing liquids. 

As a result, an extract , containing a strongly 
adsorbable optical isomer in a concentration of 
0.36 mg/ml at. an optical purity of 94%.e.e. was 
obtained at a rate of 28.2 ml/min from the extract 
draw-out port in the above simulated moving bed 
apparatus. 

Also, a raffinate containing a weakly adsorbable 
optica! isomer in a concentration of 2.2 mg/ml at an 
optical purity of 99.9%e.e. was obtained at a rate of 
4.9 ml/min from the raffinate draw-out port in the 
above apparatus. 

Comparative Example 1 

The procedure of Example 1 was followiBd us- 
ing the same simulated moving bed apparatus as 
slibwn in Fig: 2 except that no check valve was 
provided. 

As a result, an extract containing a strongly 
adsorbable optical isomer in a concentration of 
0.395 mg/ml at an optical purity of 46%e.e. was 
obtained at a rate of 28.2 ml/min from the extract 
draw-out port in this simulated moving bed appara- 
tus!. 

* ' Also, a raffinate containing a weakly adsorbable 
optical isomer in a concentration of 2.014 mg/ml at 
an optical purity of 52%e.e. was obtained at a rate 
of 4.9 ml/min from the raffinate draw-out port. 

INDUSTRIAL APPLICABIUTY . 

In the simulated moving bed separation system 
according to the present invention, as it is provided 
with check valves, there takes place no back flow . 
of the- circulating fluid toward the upstream unit 
packed beds when a desorbing liquids and a feed- 
stock fluid are supplied to the circulation lines from 
the respective feed lines, so that a smooth separat- 
ing operation free of trouble due to occurrence of 
back flow is realized. Also, since back flow of the 
circulating fluid is prevented, it iDecomes possible 
to use a packing with a small particle diameter 
which will not induce a large pressure drop in the 
unit packed beds, and by filling the unit beds with 
sucK a fine packing, it is possible to attain a 
phenomenal improvement of separating efficiency. 

Further, according to the present invention, 
there is provided a rotary valve-incorporated simu- 
lated moving bed separation system in which the 
fluid left after draw-out of a raffinate by a second 
rotary valve is circulated in a packed bed assembly 
consisting of a plurality of .unit packed beds by a. 
third rotary valve and a circulation pump! so that* 



when the desorbing liquids feed position, the feed- 
stock fluid feed position, the extract draw-out posi- 
tion and the raffinate draw-out position are changed 
for each of the unit packed beds, there is no need 

5 of adjusting the flow rate of the fluid circulated by 
the circulation pump, and further since the first to 
fifth rotary valves are changed over synchronously 
with each other, the operation of this simulated 
moving bed system is very simplified and it is also 

10 possible to efficiently separate a desired compo- 
nent in a mixture. 

Claims 

75 1. A simulated moving bed separation system 
comprising: 

a packed bed assembly, a first rotary . 
valve, a second rotary valve, a third rotary 
valve, a fourth rotary valve, a circulation pump. 
.20 and a fifth rotary valve, 

said packed bed assembly comprising a. 
plurality of unit packed beds each containing a 
packing therein, said unit packed beds being 
connected in series to each other via a fluid 
25 passage and arranged to form a circulation 

passage for allowing unidirectional circulation 
of a fluid through the connected unit packed 
beds; 

said first rotary valve being designed to 

30 supply a feedstock fluid containing a weakly 

adsorbable substance and a strongly adsorb- 
able substance to any selected one of the unit 
packed beds in said packed bed assembly; 
said second rotary valve being designed to 

35 draw out a solution corttaining a weakly ad- 

sorbable substance, i.e. a raffinate. from the 
unit packed bed positioned downstream of the 
unit packed bed to which, the feedstock fluid 
has been, supplied; 

40 said third rotary valve being designed to 

draw out a fluid from the unit packed bed 
positioned downstream of the unit packed bed 
: from which a raffinate has been drawn out; 

said fourth rotiary valve being designed to 

45 supply the fluid discharged out from said third 

rotary valve and. a desorbing liquids to the unit 
packed bed positioned downstream of the unit 
packed bed from which a fluid has heen drawn 
put;:. 

50 . said circulation pump being designed to 

transfer the fluid discharged out from said third 
rotary valve and a desorbing liquids to said 
fourth rotary valve; 

said fifth rotary valve being designed to 

55 * select a unit packed bed downstream of the 
unit packed bed. to which a desorbing liquid 
has been supplied and draw out a solution 
containing a strongly adsorbable substance, 
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i.e. extract, from said selected unit packed 
bed; 

wherein the desorbing liquids supplying 
position,, the extract draw-out position, the 
feedstopk fluid supplying position and the raf- 
finate draw-out position are shifted in succes- 
sion intermittently without changing this order 
by the change-over operations of said first to 
fifth rotary valves. 

1. A simulated moving bed system comprising a 
packed bed assembly consisting of a plurality 
of unit packed beds each containing a packing 
therein, said unit packed beds being connect- 
ed' in series to each other and having front and . 
rear ends thereof connected to each other end- 
lessly via a fluid passage to pirculate a fluid 
unidirectionally; . 

wherein a port for introducing a desorbing. 
liquids, a port for drawing out a solution con- 
taining a strongly adsorbable substance^ i.e. an 
extract, a port for introducing a feedstock fluid 
and a port for drawing out a solution containing 
a weakly adsorbable substance, i.e., a raffinate, 
*are provided for each said unit packed bed in 
the system and arranged in this order along 
the- direction of fluid flow; 

said desorbing liquids introducing port, ex- 
tract draw-out port, feedstock fluid introducing 
port and • raff rnate draw-out . port are designed 
so that their positions are successively moved 
in the direction of fluid flow intermittently; . 

a check valve is provided in the fluid pas- 
sage between a unit packed bed and a desor- 
bing liquids introducing port positioned preced- 
ing the next unit packed bed in the direction of 
fluid flow; 

a check valve is provided in the fluid pas- 
sage between a unit packed bed and an ex- . 
tract draw-out port positioned preceding the 
next unit packed bed in the direction of fluid, 
flow; 

a check valve is provided in the fluid pas- 
sage between a unit packed bed and a feed- 
stock fluid introducing port positioned prececi- 
ing the next unit packed bed in the direction of 
fluid flow; and 

a check valve is provided in the fluid pas- 
sage between a unit packed bed and a raf- 
finate draw-out port positioned preceding the 
next unit packed bed in the direction of fluid 
flow. . 

A sirnulated moving bed separation system 
comprising: 

a packed bed assembly, a first rotary 
valve, a second rotary valve, a third rotary 
valve, a fourth rotary valve,. a circulation pump. 



. ' a fifth rotary valve and a control means, 

said packed bed as;sembly comprising a 
y ' plurality of unit packed beds, wherein the fluid 

: outlets of said unit packed beds and the fluid 
*:'*5 ' inlets of the adjoining unit padked beds are 
■ connected by piping to form an' endless cir- 
n^' '"''^^" -•culatioh passage; ^ ^ ' ::>^ 

said first rotary valve biaing provided with a 
same number of discharge ports as the unit 
'-10 ' packed beds and one suction port, each of 
'f^'^ I ;; said discharge ports being connected to a feed 
' ^ . \ line connected to a pipe connecting the fluid 
' outlet of a" unit packed bed and the fluid inlet 

of the adjoining unit packed bed, said rotary 
•76- valve being designed so that a feedstock fluid 

''-'"■■y containing a weakly adsorbdble substance and 

a strongly adsorbable substance may be sup- 
plied to any selected one of said unit packed 
beds by Switching the discharge ports of said 
20 *' valve; 

" said second rotary valve being provided 

" with a same number of suction ports as the 

unit packed beds and one discharge port, each 
of said suction ports being connected to a pipe 
connecting the fluid outlet of a unft packed bed 
and'the fliiid inlet of the adjoining unit packed 
«bed' and to a discharge line cohhected to a 
pipe extending from the joint with the feed line 
connected to the discharge ports of said first 
rotary valve to the fluid inlet df the adjoining 
unit packed bed, said siBcondary rotary valve 
being designed so that by switching the suc- 
tion ports thereof, a solution containing a weak- 
ly adsorbable substance, that is, a raffinate, is 
.drawn out from a discharge^ line connected to 
the fluid outlet df a unit packed bed positioned 
downstrieam of the unit packed bed to which 
the feedstock fluid has been supplied from the 
pipe, connected to a discharge pot of said first 
40 ' rotary valve; 

said third rotary valve being provided with 
a same number of suction ports as the unit 
packed beds and one discharge port, each of 
said suction ports being connected to a dis- 
cs' ' dharge'line branching from , a pipe connecting 
' . the fluid outlet of a unit packed bed and the 
. *, fluid inlet of the adjoirirng unit packed bed, at a 
point of said pipe joined to the feed line con- 
nected to the discharge ports of said first ro- 
50 tary valve, so that a fluid can be drawn but- 

from the unit packed bed positioned down-, 
streani of the unit packed bed from which the 
raffinate has been drawn out; 

said fourth rotary valve being provided 
55 ' with a same number of. discharge ports as the 
unit packed beds and one suction port, each of 
said discharge ports being connected to a feed 
. line connected to a point between the position 
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where the pipe connecting the fluid outlet of a 
unit packed bed and the fluid outlet of the 
adjoining, unit packed bed is jointed to the feed 
line connected to the discharge ports of said 
first rotary valve and the position where the s 
discharge line of the third rotary valve 
branches, whereby the fluid discharged out 
from said third rotary valve and a separately 
supplied desorbing liquid are sucked in from 
said suction port and discharged from the dis- io 
charge ports so as to be supplied through said 
feed line to the unit packed bed positioned 
downstream of the unit packed bed from which 
the fluid has been drawn out; 

said circulation pump being designed to 76 
transfer the fluid discharged out from said third 
rotary valve to said fourth rotary valve; 

said fifth rotary valve being provided with a 
same number of suction ports as the unit 
packed beds and one discharge port, each of 20 
said suction ports being connected to a dis-. 
charge line connected to a pipe connecting the 
fluid outlet of unit packed bed and the fluid 
inlet of the adjoining unit packed bed, at a 
point of said pipe between the position where 25 
said pipe is joined to the discharge line of the 
second rotary valve and the fluid inlet of the 
adjoining unit packed bed, whereby a unit 
packed bed positioned downstream of the unit 
packed bed to which the desorbing liquid has 30 
been- supplied is selected and a solution con- 
taining a strongly adsorbable substance, or an 
extract, is drawn-out from the selected unit- . 
packed bed; and 

said control means being adapted to con- 35 
trol the change-over operations of said first to 
fifth rotary valves so that the desorbing liquid 
supply position, the extract draw-out position, 
the feedstock fluid supply position and the 
raffinate draw-out position will be successively 40 
shifted in this order intermittently. 

A simulated moving bed separation system set 
forth in Claim 3, wherein a check valve is 
provided in a pipe connecting the fluid outlet of ^5 
a unit packed bed and the fluid inlet of the 
. adjoining unit packed bed. at a point of said 
pipe between the position where said pipe is 
joined, to the discharge . line connected to the 
suction ports of the third rotary valve and the so 
position where said pipe is joined to the feed 
line connected to the . discharge ports of the 
first, rotary valve. 

55 



10 



EP 0 577 079 A1 



F IG. 1 




I 

f 



EP 0 577 079 A1 




EUROPEAN SEARCH REPORT 



Application Number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation, of document with indication, 
of relevnnt passages 



where appropriate. 



Relevant 



EP 9.3110371.7 



CXASSEPICATION OF THE 
APPUCATION gnu CL5) 



P,.X 



wo 



92/16 274 



(BAYER AG) . 

* Page 5, line 27 - page 7, 

. line '26.; fig. .1-3; claims * 

EP " A - 0 471 082 
(DAICEL CHEMICAL INDUSTRIES • 
CO , LTD ) 

* Examples; fig.; claim * 

EP - A - 0 179 970 
(UOP INC) 

.* Page 20, line 18 - page 24, 
line 6; illustrative embodi- 
ments; claims;, fig. 1-3 * 



1-4 



1-4 



1-4 



B 01 D 15/08 
C 07 B 57/00 
B 01 J 8/04 



EP 



A - Q 342 629 



1-4 



(RYOKA TECHNO ENGINEERING &. 
CONSTRUCTION CO.) 

* Page 3, line 5 6 - page 5, 
.line 15; examples; claims; 
fig. 1* 



IXCHNICAL fields; 
SEARCHED dLnU OS) 



B .01 D 
e 07 B 
B .01 J 



The present search report has been' drawn up for aU claims 



Plan of seardi 

VIENNA 



Date of auaplctioo of the setrA 



29-09-1993 



TENGLER 



CATEGORY OF OTED DOCUMENTS 

X : particularly relevant ff taken alone 

Y : pinicuUrty relevant If combined with another 

document of the same category 
A : technolo^caJ background 
O : oon-written disclosure 
P : ioiennediate documoit 



T : theory or principle underlying the Invention 
E : earlier patent document, bat published on, or 

after the filing date 
D : document dted In the application 
L : document cited for other reasons 

A : member of the sanie pateni family, corresponding 
document 



